referred to a three-factor two-good general equilibrium trade model, when he explained the relative importance of trade and factor endowments in Thailand 1880-1940. For example, Feeny (1982 stated that the growth in labor stock would be responsible for a substantial increase in rice output relative to textile output. Is Feeny's statement plausible? The purpose of this paper is to derive the Rybczynski sign patterns, which express the factor endowment-commodity output relationship, for Thailand during the period 1920 to 1927 using the EWS (economy-wide substitution)-ratio vector. A "strong Rybczynski result" necessarily holds. I derived three Rybczynski sign patterns.
Introduction
Feeny (1982, pp. 26-28 ; Appendix 2, pp.162-170) referred to a three-factor two-good neoclassical model (hereinafter, 3 × 2 model), when he explained the relative importance of trade and factor endowments in Thailand 1880 Thailand -1940 (see also Heady (1983, p. 195) , who appreciated Feeny with regard to this reference). Feeny (1982, p. 26) , stated, "General equilibrium trade models are an efficient analytical tool with which to examine the relationships between the trends in output prices, input stocks, and relative factor prices." His model included two goods (rice and textiles) and three factors (land, labor, and capital) , where land is specific to agriculture. We can consider this model as a limiting case of factor intensity (see Batra and Casas (1976, pp. 26-27) ) (hereinafter, BC) and Bliss (2003, p. 268) ). We call this type of model an asymmetrical 3 × 2 model. Feeny (1982, p. 26) stated, "This model is a reasonable description of the Thai economy in the period under review." In Appendix 2, Feeny (1982, pp. 169-170) referred to the equations derived by Hueckel (1972, Chapter 2) in his thesis, which was later published as a book (see Hueckel (1985) ).
The equations that Feeny referred to appear in Hueckel (1985, Chapter 2, pp. 66-79) . Feeny (1982, p. 27) also referred to Hueckel's results in Table 3 -16. Feeny (1982, p. 169) ) stated, " Table 3-16 presented part of Hueckel's Table 1 [see Hueckel (1985, p. 72 However, upon reviewing Feeny's work, I detected an error in his statement. For example, the equations derived by Hueckel (1985, p. 68-69 , note 18) include a serious mistake. Hueckel used elasticity of substitution defined for two factors in both sectors, whereas he should have employed Allen's partial elasticity of substitution in sector 1 because sector 1 employed three factors.
Hueckel published a part of his work as a journal article (see Hueckel (1973) ), which Feeny (1982) never referred to. In his explanation about the concept of "elasticity of substitution, " Hueckel (1973) explicitly refers to this error. 1 Therefore, the question arises: Is Feeny's statement plausible? Notably, Feeny (1982, p. 28) stated, "Equation 12 in Appendix 2 [originally derived by Hueckel (1972) ] indicates that the terms of trade that favored agriculture [in Thailand] would be crucial in explaining the gains made by rents 1 According to Hueckel (1973, p. 377) , 3 over wages." He continued, based on Table 3 -16, "The growth in the terms of trade and the growth in the labor and land stocks would be responsible for the large growth in rice output relative to textile output which occurred."
In other words, Feeny thought he had succeeded in explaining: (i) How terms of trade affect rents over wages,
(ii) How terms of trade affect rice output relative to textile output, and (iii) How factor endowment affects rice output relative to textile output.
Feeny did not analyze the data on textile output at all, and his explanations are not selfevident. In mathematical terms, for example, Feeny's statement that the growth in labor stock would be responsible for relative output growth implies that
where Xj denotes the amount of good j produces ( 1, 2) j  , Vi is the supply of factor i ( , , ) i T K L  T, K, and L refer to land, capital, and labor, respectively. The asterisk denotes the rate of change (e.g., / j j j
X dX X 
). However, to my knowledge, other than Nakada (2016, Appendix B) , no one has analyzed a sufficient condition for the left-hand side of (1) to be positive. In order to prove that this condition holds, some assumptions on parameters need to be made.
Feeny did not state the reason why he explained the relative output growth. Equation (A.6) implies that if the labor stock affects the growth of rice output relative to textile output positively, it simultaneously affects the share of exportable sector in national income positively.
2
To the best of my knowledge, other than Feeny (1982) and Hueckel (1973 Hueckel ( , 1985 , Yohe (1979) , Daniels et al. (1991) and Bliss (2003) alone referred to the asymmetrical 3 × 2 model (see Yohe (1979, p. 188) , Daniels et al. (1991, p. 249), and Bliss (2003, p. 268, p. 274) ). 3 However, it is hard for us to understand these studies. Bliss analyzed some basic relationships in the model and tried 2 With regard to agriculture's share, Hueckel (1973, p. 394 ) only stated, "First, the pressures created by the war on output prices and factor supplies contributed to the increase in agriculture's share of total output which can be seen in the data from this period." However, he did not show the change in agriculture's share using mathematical expression. Agriculture was an importable sector in Britain during 1793 -1815 , as Hueckel (1973 stated. 3 The model in Yohe (1979, p. 188) included three factors (capital, labor, and pollution) and two sectors (a polluting sector and a nonpolluting sector) where pollution is specific to the polluting sector.
The model in Daniels et al. (1991) included three factors (capital, labor, and stumpage) and two goods (wood products and generalized all-other-goods). The model in Bliss (2003) included three factors (land, capital, and labor) and two goods (agriculture and manufacturing).
to apply them to British economic history. However, he did not present the process of computation and solutions. On the other hand, Daniels et al. (1991, pp. 252-253, Table 2 ) analyzed the response of the local economy to an 18% decrease in the price of wood products assuming full employment.
However, Daniels et al. (1991, pp. 248-250) 
in the solutions of the 3 × 2 original-type model of BC where all three factors are mobile (see Nakada (2017)), we can expect to derive the basic relationships similar to those in the asymmetrical 3 × 2 model. After Feeny, Williamson (2002, pp. 67-70) applied the simplest type of 3 × 2 model, known as the specific factors model, to the nine countries in the preindustrial Third World, including Thailand, using data prior to 1940 Thailand, using data prior to (1870 Thailand, using data prior to to 1939 . He mainly focused on how terms of trade affected relative factor price.
The following questions arise. (ii) What may we conclude if we apply these results to Thailand for the period 1920-1927?
Hardly any study has systematically analyzed question (i), which relates specifically to the sufficient condition for each Rybczynski sign pattern ( [ */ *] ji sign X V ) to hold in the 3 × 2 model, which expresses the factor endowment-commodity output relationships. Nakada (2017) derived the condition. Notably, Nakada (2017) defined the EWS-ratio vector based on the "economy-wide substitution" (hereinafter EWS) originally defined by Jones and Easton (1983) (hereinafter JE) and used it for the analysis. Nakada (2017) concluded that the position of the EWS-ratio vector determines the Rybczynski sign pattern. The author derived a sufficient condition for a strong Rybczynski result to hold (or not to hold). The sufficient condition is that the EWS-ratio vector exists in quadrant IV, in other words, "extreme factors are economy-wide complements."
Thereafter, Nakada (2018) showed that the EWS-ratio vector exists on the line segment.
Using this relationship, he developed a method to estimate the position of the EWS-ratio vector.
Nakada (2018) derived a sufficient condition for the EWS-ratio vector to exist in quadrant IV.
4
According to Suzuki (1983, p. 141) , BC contended in Theorem 6 (p. 34) that "if commodity 1 is relatively capital intensive and commodity 2 is relatively labor intensive, an increase in the supply of labor increases the output of commodity 2 and reduces the output of commodity 1. [Moreover, an increase in the supply of capital increases the output of commodity 1 and reduces the output of commodity 2.]" This, in other words, is the implication of "a strong Rybczynski result."
Further, hardly any studies has attempted answering question (ii). 5 That is, hardly any studies has applied the results of Nakada (2017 Nakada ( , 2018 . Hence, the purposes of this paper are: (i) to apply these results to data from Thailand, and in doing so, to derive the Rybczynski sign patterns for In addition, the Stolper-Samuelson sign pattern, which expresses the commodity price-4 Nakada (2018) analyzed within the framework of the general equilibrium model. For example, Thompson (1995) assumed that production function was of a trans-log type in the US economy. He derived the parameters and Allen's partial elasticities of substitution, using econometrics, and substituted them into the 3 × 2 model. Specifically, he substituted the values derived from the partial equilibrium analysis. This seems inconsistent with general equilibrium model. 5 Nakada (2016) has attempted answering question (ii), referring to the earlier versions of Nakada (2017) and Nakada (2018) . Nakada (2016) used kilograms of grey shirting per picul of rice as terms of trade, when he analyzed Thailand (1920 Thailand ( -1929 . During that period, it increased, while rice output decreased. It seems inappropriate to use that period as the period under study, if the terms of trade were the main factor to affect rice output. On this, see Fig.3 and Fig.4 . See also Nakada (2015) . 6 According to Ingram (1971, p. 182) , import duties were set at 3 percent during the period 1856 -1926 I start by deriving the trends of some variables for the period under study. Nakada (2018, p. 14) stated that, in order to estimate the position of the EWS-ratio vector, we need the data about the change in some variables, which requires the data on two time-points to apply his results, whereas normal computable general equilibrium (hereinafter CGE) analysis needs the data for one time-point only in order to estimate the value of basic parameters.
In the model, we consider rice as an exportable (or commodity 1) and cotton textiles as an importable (or commodity 2). We consider land, capital, and labor as the three factors. It seems plausible that cotton products and cotton textiles made in Thailand competed with imported cotton textiles. Feeny (1982, Appendix 2, pp. 162-168) explored the plausibility of the assumptions such as factor mobility, perfect employment, pure competition, and small country assumption, which implies that factor prices and factor endowments are exogenous (see section 2 of this paper). I accept his discussion in this article.
In section 2, I present the theoretical results from Nakada (2017 Nakada ( , 2018 . In section 3, I
conduct analyses for the following.
1. We derive the factor-intensity ranking and show that labor is the middle factor, and land and capital are extreme factors. We assume the factor intensity ranking for middle factor.
2. We derive the trend in the wage for rice and land price for rice.
3. We derive the trend in terms of trade.
4. From the results of 1, 2, and 3, we estimate the factor-price-change ranking, and using Lemma 2, we derive its implication.
5. Using the results of 4, we estimate the sign of aggregate of the rate of change in the input-output coefficient.
In section 4, we conduct analyses for the following.
6. From the results of 3-5, and Theorem 2, we show that the EWS-ratio vector exists in quadrant IV 9 In Section 4, Teramachi (2015, p. 50) showed 12 patterns of ' J sign patterns', which express the commodity price-factor price relationships (
. This is not equivalent to the commodity price-factor price relationships in Nakada ( (or subregions P1-P3), in other words, land and capital, extreme factors, are economy-wide complements.
7. From the result of 6 and Theorem 1, we prove that a strong Rybczynski result holds. We derive three Rybczynski sign patterns. However, by making a more detailed estimate, we reduce three candidates to two.
Section 5 concludes the paper. In Appendix A, we derive the equation for the change in the share of exportable sector in national income. In Appendix B, we compute the percentage of net arrivals of Chinese in the population growth in Thailand.
Assumptions of the model and some results
Like BC (pp. 22-23), we make the following assumptions. Products and factors markets are perfectly competitive. Supply of all factors is perfectly inelastic. Production functions are homogeneous of degree one and strictly quasi-concave. All factors are not specific and perfectly mobile between sectors, and factor prices are perfectly flexible. The last two assumptions ensure full employment of all resources. The country is small and faces exogenously given world prices; the movement in the price of a commodity is exogenously determined. The movements in factor endowments are also exogenously determined.
For additional definitions of the symbols used and derivations of the basic equations, see Nakada (2017 Nakada ( , 2018 . Nakada (2017 Nakada ( , 2018 
Factor intensity ranking
where θij is the distributive share of factor i in sector j (that is, θij = aijwi/pj). aij denotes the requirement of input i per unit of output of good j (or the input-output coefficient), wi is the reward of factor i, and pj is the price of good j. Note that Σiθij = l.
(3) is referred to as the "factor intensity ranking" (see JE (p. 69), BC (pp. 26-27), and Suzuki (1983, p. 142) ). This implies that sector 1 is relatively land intensive, sector 2 is relatively capital intensive, labor is the middle factor, and land and capital are extreme factors (Ruffin, 1981, p. 180) .
JE (p. 70) called (4) the "factor intensity ranking for middle factor." It implies that the middle factor is used relatively intensively in the first industry.
Using these assumptions, we derive the following results.
Results from Nakada (2017)
In this subsection, we refer to Nakada (2017) . The Rybczynski matrix   * / * ji XV (to use Thompson's (1985, p. 619) terminology) in elasticity terms is
For the definitions of the symbols, see (1). The following result has been established already (see (Nakada (2017, Theorem 1) ). We have rearranged it below.
Theorem 1. We assume the factor intensity ranking as follows.
Further, if the EWS-ratio vector ( ', ') SU exists in quadrant IV (or subregions P1-P3), in other words, if capital and land, extreme factors, are economy-wide complements, a "strong Rybczynski result" necessarily holds. In this case, the Rybczynski sign patterns, as per Thompson's (1985, p. 619) terminology, for subregions P1-P3 are, respectively:
About subregions P1-P3, see Fig. 1 in Nakada (2017) . Each sign pattern expresses the factor endowment-commodity output relationship. For example, the sign of Column 3 shows the labor endowment-commodity output relationship. (8) implies that an increase in the supply of land increases the output of commodity 1 and reduces the output of commodity 2. Moreover, an increase in the supply of capital reduces the output of commodity 1 and increases that of commodity 2. However, it is indeterminate how an increase in the supply of labor affects the outputs of commodities 1 and 2.
Three patterns are possible.
The symbols are defined as follows:
10 Assuming 12 LL   , one can easily show that Theorem 1 holds. One can also show that both of Lemma 2 and Theorem 2 shown below hold.
( , , ) ( , , )
, , , ,
/ , , , , , 1, 2
We call ( ', ') SU the economy-wide substitution (EWS) ratio vector.  to denote the economy-wide substitution towards or away from the use of factor i when the kth factor becomes more expensive, under the assumption that each industry's output is kept constant.…" σ ij h is Allen's partial elasticity of substitution between the ith and the hth factors in the jth industry. For additional details about these symbols, see BC (p. 24) and Sato and Koizumi (1973, pp. 47-49) . λij is the proportion of the total supply of factor i in sector j (that is, λij = aij Xj/Vi). Note that Σj λij = 1. Xj denotes the amount of good j produces ( 1, 2) J  . For the definition of aij and Vi, see (3) and (1), respectively.
We obtain (see JE (p.72, n.9 
where j  and i  denote, respectively, the share of good j and factor i in total income. That is,
, where
We may also define the following (i ≠ h) (Nakada, 2017, eq. (45) ):
Factors i and h are economy-wide substitutes if gih > 0, and
Factors i and h are economy-wide complements if gih < 0.
2.3. Building on the results of Nakada (2018) In this subsection, we refer to Nakada (2018) . Note that we add some original equations.
For ease of notation, we define (Nakada, 2018, eq. (34) )
Next, we define P :
P is the rate of change in terms of trade.
The following result has been established (Nakada, 2018 , Lemma 2).
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Lemma 2 We assume the factor intensity ranking and the change in the relative price of goods as follows.
12 * * 0
And, further, if we assume the factor-price-change ranking as follows (from Lemma 1, this assumption
the signs A, B, C, D are possible. That is,
( *, *, *) ( , , ),( , , ),( , , ),( , , ),
where 0 ' *, , , . Equations (20) and (21) (Nakada, 2018 , Theorem 1).
11 I omit Lemma 1 in Nakada (2018).
Theorem 2. We assume the factor intensity ranking and the change in the relative price of goods as follows.
12 * * 0.
The EWS-ratio vector ( ', ') SU exists on the EWS-ratio vector line segment (or line segment AB).
Using this relationship, we can estimate the position of the EWS-ratio vector. For example, if we assume (from Lemma 2, these assumptions are plausible enough)
the Cartesian coordinates of intersection points A and B are, respectively, 
Hence, both of points A and B are in quadrant IV, and, point A is on the left-hand side of point B. The line segment AB exists in quadrant IV. Hence, the EWS-ratio vector is in quadrant IV and satisfies
In this case, capital and land, extreme factors, are economy-wide complements. Hence, a strong Rybczynski result holds, that is, three of the Rybczynski sign patterns hold (see Theorem A.1).
About Points A and B, see The symbols are defined as follows:
,
, , , /, ,
According to Nakada (2018, eq. (C6) ), we can compare the following equations:
0, (
Equations (31) and (32) are sometimes useful when we apply.
(
) denote the Cartesian coordinates of the intersection of Lines Y and Z. If (31) holds, we derive (32), but not vice versa.
Proving the assumptions in Theorem 2 to hold
We use some of the derived results from the 3 × 2 model for the period 1920-1927.
First, we derive the factor intensity ranking. Next, we prove whether (23)- (25) hold for the period 1920-1927. We can easily show that (23) holds. We prove whether (24) and (25) hold.
Factor intensity ranking
We estimate 1 Here, recall (11) , that is, λij is the proportion of the total supply of factor i in sector j (that is, λij = aijXj/Vi). Note that Σj λij = 1. (Feeny, 1982, pp. 40-41, Table 4 -2). Hence, it seems plausible that
is plausible. Accordingly, 169-170). We use the same estimation.
We can easily show that
Recall (3), that is, factor intensity ranking. This implies that sector 1 is relatively land intensive, sector 2 is relatively capital intensive, labor is the middle factor, and land and capital are extreme factors.
For example, Kamol Odd computed the production cost of rice for a sample of 106 households in Ban Chan village in Central Thailand in 1948 (Kamol, 1955 , Table 38 ). He derived the shares of three factors, namely land, capital, and labor, as 22.4%, 26.3%, and 51.3%
respectively. This implies that
The sample households planted 3,528 rai in total, which included transplanted rice of 3,030 rai (86%) and broadcasted rice of 498 rai (14%) (Kamol, 1955, p. 213) . There was almost no floating rice (Kamol, 1955, p. 212) . Only one household broadcasted it (Kamol, 1955, p. 105) .
These data were surveyed in 1948. Feeny (1982, p. 27 ) also referred to Kamol Odd (1955).
The production cost of cotton is not available. Hence, the data for
available, and it is not possible to determine which of the following equations holds:
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Recall (4). This is the factor intensity ranking for the middle factor. For example, if (37) holds, the middle factor is used relatively intensively in sector 1. We assume (37) holds. Nakada (2017 Nakada ( , 2018 only assume that (35) and (37) hold. Neither assume that (38) holds.
Factor price
We analyze the real wage for the period 1864-1938. Some authors have referred to the wage in Thailand before World War II (see Skinner (1957, p. 174) , Ingram (1964, pp. 113-117) , Feeny (1982, p. 34), Sompop (1989, pp. 164-166, Table 6 .4, p. 168, Table 6 .7), and Porphant (1998, pp. 81-85) Next, we analyze the rent in the period 1880-1941. As data on rent are not available to the extent needed, we attempt to use the land price instead. The lack of land prices in the same area leads me to use the data provided in Johnston (1975) and Thailand, SYB, Nos. 18 and 19. Johnston (1975, p. 121) . On these data, see also Feeny (1982, p. 137, Tables A1-8) .
Using the data of Johnston (1975, p. 121) (Feeny 1982, p. 135, Tables A1-7) , some data are still missing.
Insert Fig. 2 here
The following trend may be observed with respect to the real land price measured by rice.
(i) During 1880-1904, the real land price measured by rice increased.
(ii) During 1904-1920, we estimate that it decreased.
(iii) During 1920-1931, it increased.
(iv) During 1931-1938, it decreased.
Terms of trade
We analyze the terms of trade, that is, kilograms of grey (and white) shirting imported per picul of rice. Fig. 3 presents the terms of trade for the period 1864-1945.
The following trend for terms of trade (kilograms of white shirting per picul of rice) is evident.
Insert Fig. 3 
where P is the rate of change in the kilograms of white shirting per picul of rice. Hence, we show that
From (40), we derive (see (32)
Hence, we have shown that (23) and (24) hold. However, (25) is not self-evident.
Here, recall Lemma 2. If (41) holds, (18) and (19) hold; hence, (20) holds. That is,
We can show which signs of A, B, C, and D are possible for sector j. We estimate the sign of 1 * T a , that is, the rate of change in the input-output coefficient of land in sector 1. Multiplying the change in the average yield of rice by -1 helps us observe the change in the input-output coefficient of sector 1.
period [1926] [1927] [1928] [1929] [1930] [1931] [1932] [1933] [1934] . 16 We do not need to show the rate of change per year. Fig. 4 illustrates the production, area sown, and average yield of rice in Thailand during 1918 Thailand during -1936 . The 3-year moving average of the average yield is also depicted. Feeny stated, "While it is recognized that the data are not absolutely reliable and that under-reporting of area and output was probably prevalent, it is argued…that the trends in the series are probably reliable" (Feeny, 1982, p. 
48).
Insert Fig. 4 here Note that the year 1919 experienced a severe loss of rice crop as mentioned earlier (see Ingram, 1964, p. 112) . Furthermore, Kaida (1978, p. 208) Thus, the trend in the average yield of rice (kg/rai) may be determined as follows.
(i)
The average yield (kg/rai) decreased for the period 1920-1927. 17 (ii) It decreased again for the period 1927-1929. 
17 Langmoya (1978) studied the reign of King Chulalongkorn, the fifth monarch of Siam (1868 Siam ( -1910 . Langmoya (p. 230 ) stated that about 50 % of paddy field was broadcasted in the Central Plain., referring to Ministry of Agriculture (1961) , Agriculture in Thailand, p. 6. I was unable to identify the time period Langmoya's statement is attempting to support. Feeny (1982 , p. 44) stated, referring to Indra Montri (1930 , "In 1930 roughly 30 per cent of the paddy output in the Central Plain was accounted for by transplanted rice and 70 per cent by broadcast." The diffusion of broadcast rice must have contributed to the decrease of the average yield in the Central Plain during the period 1920-27. On the other hand, Sompop (1989 , p. 83) stated, referring to Langmoya (1978 and Intaramontri (1930 ) cited in Feeny (1982 , "broadcast rice increased about half to three quarters of total areas in the Central Plain by the late 1900's to the 1930's." See also Sompop (1989, p. 68, 170) . 
We estimate the sign of 2 * T a , that is, the rate of change in the input-output coefficient of land in sector 2. Multiplying the change in the average yield of cotton by -1 helps us observe the change in the input-output coefficient of sector 2.
Fig . 5 shows the production, area sown, and average yield (kg/rai) of cotton in Thailand during 1918 in Thailand during -1936 . We also indicate the 3-year moving average of the average yield. It appears that the official data pertaining to the area sown are under-reported (see, e.g., Sugawara (2000, p. 89) ). The yields in 1918, 1929, 1931, and 1935 were quite high. We assume that the trends in the series are probably reliable.
Insert Fig. 5 here
Based on this information, we can decipher the trend in the average yield of cotton as follows. 
From (43) and (47), we derive the following for the period 1920-1927:
From (49) and (42), we derive
We show that (25) holds.
Deriving the Rybczynski sign patterns
In this section, we derive the Rybczynski sign patterns.
Rough estimate
In sum, we derived (35), and assumed (37). Using (41) and (50), we derive the following for the period 1920-1927:
(51) is equivalent to (23)- (25) in Theorem 2. This implies that the EWS ratio vector (S', U') exists in quadrant IV.
Hence, from Theorem 1, we determine the Rybczynski sign patterns for each subregion as seen below (see (8)).
Each sign pattern shows the factor endowment-commodity output relationship. Notably, the sign in Column 3 shows the labor endowment-commodity output relationship.
Therefore, we can make the following statements.
(i) If the EWS ratio vector (S', U') exists in subregion P1, the effects of labor endowment on commodity output in sector 1 and sector 2 are negative and positive, respectively.
(ii) If the EWS ratio vector exists in subregion P2, the effects of labor endowment on commodity output in both sectors 1 and 2 are positive.
(iii) If the EWS ratio vector exists in subregion P3, the effects of labor endowment on commodity output in sector 1 and sector 2 are positive and negative, respectively.
From (52) and (5), we derive the following for P1, P2, and P3, respectively: Recall (1), that is,
The sign of the left-hand side of (1) shows how labor endowment affects the commodity output in sector 1 relative to commodity output in sector 2. (53) belies Feeny's (1982, p. 28) statement. (54) might be contrary to it, while (55) is not against it. At the very least, Feeny's statement that the growth in the labor stock was responsible for Thailand's increased rice output relative to textile output is not self-evident.
More detailed estimate
We can make a more detailed estimate. We reduce three candidates to two. From (39), we 
both Points A and B exist in the subregion P2. Hence, the EWS-ratio vector exists in the subregion P2.
The sufficient condition for (58) is the set of equations shown below.
02 , 02
' '
Apparently, (56) and (57) satisfy (60) and (59), respectively. However, it is uncertain whether the data of Thailand 1920 Thailand -1927 because of data availability. Therefore, Point A exists in subregion P2. Point B exists in subregion P2 or P1. Hence, the EWS-ratio vector exists in the subregion P2 or P1. Hence, (53) and (54) are possible, and (55) is impossible. Hence, Feeny's statement shown above is not self-evident.
Conclusion
This paper showed that a certain pattern of factor intensity ranking, as shown in (3), holds for Thailand. Moreover, we assume that the factor intensity ranking of the middle factor, as shown in (4), holds. We can draw the following conclusions for the data pertaining to Thailand for the period 1920-1927. The EWS ratio vector (S', U') exists in quadrant IV, therefore, Capital and land, extreme factors, were economy-wide complements. 18 Hence, a "strong Rybczynski result" necessarily holds.
We derived three of the Rybczynski sign patterns. However, by making a more detailed estimate, we could reduce three candidates to two. That is, the EWS-ratio vector exists in subregion P2 or P1.
The results imply as follows: Feeny's (1982, p. 28) If we wish to derive the sign of the left-hand side of (1) with certainty, we would need to conduct the analysis differently. On this, see Appendix B in Nakada (2016) .
We show how factors other than labor stock affected relative output growth during [1920] [1921] [1922] [1923] [1924] [1925] [1926] [1927] . From (52) and (5), we derive
From the above, land (resp. capital) stock affected relative output growth positively (resp. negatively).
We can show that terms of trade affect it positively in the 3 × 2 model. We do not show the proof. Feeny (1982 , p. 22) stated, referring to Caldwell (1967 
 
. If the share of exportable sector increases 1%, the share of importable sector decreases 4%.
Appendix B: The percentage of net arrivals of Chinese in the population growth in Thailand
In this appendix, we compute the percentage of net arrivals of Chinese in the population growth in Thailand. Of course, the growth of population is different from that of labor stock. However, we do not discuss this further. Table B1 shows the comparison of the estimates of total arrivals and departures of ethnic Chinese, all Thailand for 1918-34. In general, the amount of net arrivals of Chinese computed from Skinner (1957) is larger than that computed from Thailand, SYB, No.18. Specifically in 1929-30, the former is far larger than the latter. Table B2 shows the estimated total population in Thailand during 1900 to 1950, referring to Kobayashi (1984) and Bourgeois-Pichat (1960) . The population in Kobayashi (1984) is smaller than that in Bourgeois-Pichat (1960) during 1920-33.
These data imply as follows. Specifically, during 1918 to 1931, mass influx of Chinese occurred. During 1920-21 to 1926-27, the total of net arrivals of ethnic Chinese was 236.2 thousand persons, according to Skinner (1957) . During 1920 During -1927 , the population growth in Thailand was 1,555 thousand persons, based on Kobayashi (1984) . Therefore, the percentage of the former in the latter was 15.2%. Area sown, production, and average yield of rice in whole Thailand, 1918 Thailand, -1936 Areas sown (1,000 rai)
Total yield (in 1,000 piculs)
Average yield (kg/rai) No. 9 and 10 are from Ingram (1971, p. 51) , and originally from Department of Agriculture, Thailand.
No. 11 is from Yamamoto (1998, p. 73) . 
